The impact of the microbiological environment on the developing lymphoid tissues of the nasopharynx results in one of the commonest surgical procedures in childhoodthe removal of tonsils and adenoids. In 1968, 28.8 % of all discharges in
the age group 5-9 years were after adenotonsillectomy: in the same year ear, nose and throat surgeons admitted nearly three times as many children aged 5-14 as did pediatricians, although the ratio was reversed among the under-5s (Chamberlain 1972) . Hypertrophy and tenderness in lymphoid tissues, including those associated with the nasopharynx, are usually correctly interpreted as being due to undesirable infection. Similar symptoms and signs may, however, result from the immunological response of the lymphoid tissues which occurs because of the infection. Nevertheless, adenotonsillectomy is often beneficial (Mawson et al. 1967) . It is therefore pertinent to examine the immunological function of the tonsil against the background of what is known of man's immunological development.
The capacity to synthesize antibody immunoglobulin is developed by lymphoid tissue in the early part of the middle intrauterine trimester, but is rarely called into activity except in the presence of intrauterine infection. After birth, endogenously formed IgG, IgA, IgM, IgD and IgE immunoglobulins appear in serum and other body fluids in increasing amounts, and a secretory, dimeric form of IgA appears in tears, saliva, nasopharyngeal and other secretions (for review see Wood 1972).
The antigen load of the microbiological environment promotes this synthesis, and a rapid rise, particularly in IgM, may occur with acute infection (Haider 1972) . The fowl possesses a special lymphoid organ, the bursa of Fabricius, which appears to control the development of competence to produce antibodies, for its extirpation soon after hatching greatly diminishes humoral, immunological responsiveness. No anatomically analogous organ exists in mammalia, but from time to time the tonsil has been considered: it is grossly underdeveloped in hypogammaglobulinmmia.
Cell-mediated immunitythe capacity to reject grafts, and to show delayed hypersensitivityis the function of a thymus-dependent subpopulation of lymphocytes. In the neonatal mouse, thymectomy results in lymphopenia and atrophy of paracortical, thymus-dependent areas in lymph nodes. The animals fail to reject grafts, and are vulnerable to infection and neoplasia. Very similar features appear in man in disorders of thymic development. The thymus and tonsil are both developed in association with bronchial clefts. The epithelial component of the thymus develops from ectoderm of the third cleft, adjacent to which Hassall's corpuscles and lymphocytes can be identified in the 35 mm embryo. The pharyngeal tonsil develops a little later in the second pouch area. The fossa is formed in the 40 mm embryo and the tonsil itself at 1 5 mm.
It has been shown by fluorescent methods that all classes of antibody immunoglobulin are synthesized within the tonsil. Recently Surjan & Surjan (1971) have shown that fragments of tonsil from previously immunized children may manifest a secondary response to diphtheria toxoid in organ culture. Earlier, Gitlin & Sasaki (1969) had studied the immunoglobulin content of tonsillar cells, and the proportions of cells q 411 I -I synthesizing IgG, IgA and IgM. They found that the ratio of cells synthesizing IgA to IgG was one in 10, and IgM to IgG one in 28, but that the mean antibody immunoglobulin content of the cells was 0.46, 2.6 and 1.7 pg respectively. The product of cell number and content gives an estimate of the total amounts of each class of immunoglobulin produced. The results indicate a pattern of synthesis similar to that of other lymphoid tissues.
Evidence for the occurrence of thymus-dependent cells within the tonsil is less clear cut but has recently been very interestingly reinforced. Oetgen et al. (1966) had found that some tonsillar lymphocytes, like thymus-dependent peripheral lymphocytes, respond to phytohemagglutinin with blast cell transformation and to streptolysins, diphtheria, polio and pertussis antigens. Some cells, however, transformed spontaneously.
Using a different approach confirmation has come more recently from Harrison (1970) , who found that thymus-dependent areas in the lymphoid tissues of neonatally thymectomized mice can be restored by grafting feetal rabbit tonsillar tissue. This is a very exciting result suggesting that tonsillar tissue may have a more fundamental role than immunoglobulin synthesis.
Ifit is accepted that the tonsil produces immunoglobulin and may influence thymus-dependent tissues, what may be the immunological significance of tonsillectomy? It must be stressed that in the local synthesis of secretory IgA antibody by nasopharyngeal tissues, the tonsil plays only a part and that the availability of antibody in secretions is influenced by multiple factorsamong them the amount of transudation during infection and the type of microbiological pathogen. Butler et al. (1970) showed, in rhinovirus infection, that an initial release of preformed IgA, followed by an outpouring of IgG and of albumin, led to a gradual appearance of IgA which then included specific antibody.
Notwithstanding these difficulties the effect of tonsillectomy on the level of specific IgA antibody to polio Type I was studied by Ogra (1971) . The nasopharyngeal titre was studied before and after tonsillectomy, the interval between immunization and operation being six months to six years. Before operation all the children studied had specific IgA antibody: postoperatively all showed a significant fall in titre, and in some the antibody titre disappeared. The effect was most marked in boys, irrespective of age, and was less marked when the interval between immunization and operation was prolonged.
Veltri et al. (1972) approached the problem differently, using the total serum levels ofIgG, IgM and IgA before and after tonsillectomy. Preoperatively, the levels of IgA and IgC were higher than normal, which accords with other workers' results in recurrent infection (Wood 1969, unpublished) . The children were bled at one, 3, and 9-12 months postoperatively, and a fall in IgG was detected. There was, however, no fall detectable in the concentration of secretory IgA, or in the levels of antibody to mumps, rubella, Hong Kong and A2 influenza or ASO. Veltri et al. (1972) gave no indication of the clinical outcome of tonsillectomy or any comment about the selection of cases. It is not certain whether the fall in immunoglobulin levels resulted from a reduction in antigen load or from removal of immunoglobulin-producing tissue. The effect seems limited to the pool of circulating immunoglobulin and did not include antibody titres in local secretion, and this conflicts with Ogra's results.
The possible effect of tonsillectomy on cellmediated immunity has hitherto been much less extensively explored. Vianna et al. (1971) have shown that there is an increased incidence (2.9:1) of the occurrence of Hodgkin's disease among those who have had tonsils removed. It would not be wise, however, to conclude that this implied that removal of immunologically competent tissue had permitted the appearance of malignant disease. An alternative and equally attractive hypothesis requires further examinationwere those submitted to tonsillectomy because of recurrent infection already somewhat immunologically deficient and therefore vulnerable to neoplasia?
To summarize, it is now clear that the tonsil is an antibody-producing organ. In animals the tonsil may contribute cells which help to restore thymus-dependent tissues in neonatal thymectomized mice. In man the consequences of removal are symptomatically beneficial, but may result in some lessening of antibody production. The work so far quoted does not indicate that the tonsil has a special bursa-like role. However, very recently, Godrick & Patt (1971) have produced evidence that the most active period of antibody production in the tonsil may be very early. Tonsillar cells from neonatal rabbits were much more responsive to tetanus toxoid than were spleen or appendix cells, but whereas the response of the latter tissues increased in older animals, that of the tonsil waned. This study requires careful follow up because it may be that if the tonsil has a special role, it is completed very early, and long before adenotonsillectomy is considered. The complaint of repeated sore throats is common in school-age children in this country. Most sore throats are due to inflammation of the pharynx, tonsil or both, but in any particular case it is difficult to know whether tonsillitis or pharyngitis is the major cause of the symptoms. Tonsillectomy appears to have a greater effect in the treatment of some children than otherspresumably those in whom tonsillitis predominates.
It is unlikely that infection with different organisms can alone explain these different patterns of disease, but presumably both the site of infection and variations of host response to that infection are important. P hwmolytic streptococci probably cause more sore throats than any other organism (Ross et al. 1971) , and therapeutic and prophylactic antibiotics are used for treatment of this condition. A prophylactic regime of sulphadimidine has been shown to be significantly better than placebo in treating sore throat in children (Burke 1956)saving an average of 1 J sore throats per year. This result is similar to that achieved by tonsillectomy (McKee 1963 , Mawson et al. 1967 , Roydhouse 1970 and critics of that operation may feel that prophylactic antibiotics should be more widely used.
A trial of prophylactic penicillin in the treatment of sore throat was therefore undertaken with two aims: to assess its performance as an alternative to tonsillectomy and, by studying the response of pharyngeal and tonsillar bacteria to that drug, to obtain information about the heterogeneous nature of pharyngotonsillitis. Immunity 'Present address: St Thomas' Hospital, London SEI function tests were also done on the patients to investigate the role of host variation in this disease.
Trial ofProphylactic Penicillin
The trial was designed as a double-blind crossover of penicillin G, 125 mg daily (as an elixir to be given half an hour before breakfast), against placebo. Thirty children were to be included in each group, and the cross-over was to take place after six months. Results were to be analysed in terms of number of severe sore throats (defined as sore throats lasting two days or more) suffered in each six-month period. Penicillin G was chosen instead of penicillin V because it is cheaper, more effective against ,B hamolytic streptococci in vitro (Garrod 1960) and, despite its erratic absorption from the stomach, gives blood and tissue levels which are bactericidal for , hemolytic streptococci following a single oral dose of 125 mg (Griffith & Black 1964) .
Children were selected for entry into the trial if they fulfilled the following criteria: (1) If they suffered from sore throats alone, and were on the waiting list for tonsillectomy. (2) If they had had at least four severe sore throats in the twelve months before operation which had made them ill enough to stay in bed, and which had been diagnosed as tonsillitis by their family doctors.
(3) If they lived near the hospital and had parents who were keen to participate in the trial. (4) If their family doctors agreed to the inclusion of the children in the trial. (5) If they were not allergic to penicillin.
Children were allocated to one or other treatment group according to a random number series. Monthly visits were made by the parents and children to obtain fresh medicine, exchange treatment-recording charts (the backs of which had spaces for information from the family doctors concerning any current sore throats suffered by the child) and for taking a throat swab.
During the first few months of the trial, the 'Ts and As' waiting list fell from fifteen months to nine months (for reasons unrelated to the trial) and it was therefore unethical to proceed with the cross-over. After six months, the children were offered tonsillectomy and 30 had their tonsils removed while still taking the trial drugthe tonsils of these children were sent for bacterial culture.
Fifty-six children entered the trial (aged 3-12) and 42 completed it satisfactorily. Twenty-two had penicillin, 20 placebo. The result is shown in Fig 1. There were no significant differences between the ages, weights, sexes, previous number of sore throats and family size of the children in the two groups. The average number of sore throats in
